While Clostridium difficile infection is a significant concern in healthcare settings, there is increasing evidence that transmission does not solely occur in hospitals and long-term care homes. Hospital patients are regularly discharged home following or during treatment, and it is likely that many excrete spores into their household environment, posing risks of reinfection to themselves and transmission of spores to others. Hence, recommendations on household hygiene might be important for control of C. difficile. The objective of this study was to investigate the information provided by Ontario hospitals to patients who have laboratory-confirmed symptomatic C. difficile infection with respect to household hygiene advice once they are discharged from hospital.
INTRODUCTION
Clostridium difficile infection (CDI) has been recognized as the leading cause of antimicrobial-associated diarrhea in healthcare settings for decades [1] . Transmission also occurs in community settings through the same mechanisms as healthcare settings, namely directly via patients with symptomatic CDI [2] , asymptomatic carriers [3] [4] [5] , and indirectly by contaminated environmental surfaces [6] . It is estimated that communityassociated CDI represents approximately 30% of overall CDI cases in the United States [7] and Canada [8] , and communitybased transmission of C. difficile from people with CDI to their household contacts has been identified [9] .
Of particular concern with CDI is recurrent disease, with recurrence in 25% to 87.5% of cases following treatment [10] . equipment (wipes/cloths) with disinfectants, training for staff, as well as monitoring for efficacy [17] . These aspects are generally not considered in household cleaning routines [18] .
On average, CDI increases a patient's length of stay in hospital by seven days [19] and since shedding of spores can persist for weeks after clinical resolution, it is likely that many patients with CDI are discharged from hospital before the infectious period has lapsed. Testing of patients at the time of discharge for C. difficile shedding is not routinely performed and is not recommended [20] . C. difficile spores have been found in households of those with recurrent CDI, with one study finding C. difficile-positive samples in nine out of ten households [12] . Patients with CDI may have contamination of their skin (groin, chest, abdomen, forearms, hands) [21] and their household environment [22] [23] [24] , even if they were asymptomatic [25] or did not meet the clinical criteria to be tested for CDI [26] . A positive correlation has also been demonstrated between the presence of C. difficile on healthcare workers' hands and the level of spore contamination of the hospital environment [27, 28] . C. difficile spores also may be present in households without a person with CDI, as the spores have been isolated from retail food, animals, soil, and water [29] . Thus, it is likely that C. difficile spores are an important source of reinfection (recurrence) or transmission through high-touch surfaces in households [9, 30, 31] .
Current infection prevention and control advice for the home is based on the assumption that transmission of infection or colonization is rarely investigated in households of CDI patients [32] . Infection with C. difficile occurs after two events: exposure to C. difficile spores and disruption of the gastrointestinal (GI) microbiota [33] . Disruption of the GI tract does not always occur at the time of exposure to the C. difficile spores and symptoms would not start until disruption occurs [34] . This makes it difficult to connect CDI in household contacts to exposure to an index case or contaminated environmental surfaces since the onset of symptoms occurs at a later time.
CDI is not a disease of public health significance in Ontario (as per Ontario Regulation 135/18 -Designation of Diseases), meaning that it is not reported to public health and individual cases are not tracked. Mandated reporting of CDI rates occurs as part of provincial patient safety indicator reporting for hospitals, and only outbreaks in public hospitals are classified as diseases of public health significance. Hospital outbreaks are declared based on exceedance of thresholds of nosocomial cases in a defined period based on the number of beds in the unit.
Specialized practices are required for decontamination of the environment to remove and kill C. difficile spores. Using a sporicidal agent such as bleach at an appropriate concentration and contact time (1,000 to 5,000 ppm for ten to 30 minutes, depending on concentration) is necessary to control C. difficile [20] .
The objective of this study was to investigate the information provided by Ontario hospitals to patients with laboratory-confirmed symptomatic C. difficile infection with respect to household hygiene advice once they are discharged from hospital.
METHODS
This cross-sectional study was conducted between January and August 2018 and included an anonymous online questionnaire, a website scan, and a content analysis of patient information documents. The online questionnaire was approved by the Research Ethics Board at the University of Guelph (REB# 17-11-005) and was pre-tested by three infection control professionals (ICPs). The questionnaire was distributed through the IPAC Canada listserv in order to target ICPs working at all hospitals in Ontario. The online questionnaire was open from March 29, 2018 to May 1, 2018, and weekly reminders were sent through the listserv.
The questionnaire used closed-ended questions (rating scales, multiple choice, yes/no questions) to confirm the employment position and professional experience of the respondent and to gather data on hospital size, infection prevention and control resources at each hospital, hospital practice for providing patient information on household hygiene for patients with CDI, barriers to providing information on household hygiene, and hospital experience with CDI (monthly rates of CDI and outbreaks in 2017). Respondents were invited to submit copies of patient information sheets. Nine hospitals voluntarily shared patient information sheets with their survey results.
A scan of Ontario hospital websites was conducted between January and August 2018 with the intent of identifying household hygiene advice for patients with C. difficile. A list of Ontario hospitals was compiled from Local Health Integration Network (LHIN) websites. The website of each hospital was searched by the primary author for "C. difficile" or "Clostridium difficile" through the website search function. If no results were found, the same search terms were used to search the Patient Safety area of the website.
Content analysis as per Erlingsson & Brysiewicz (2017) [35] was conducted on the patient information sheets and Web pages by comparing and sorting text into the categories of the patient information sheets provided by the Ontario Ministry of Health and Long-Term Care (MOHLTC) [36] and Public Health Ontario's Provincial Infectious Diseases Advisory Committee (PIDAC) [20] . These categories were: general statement of risk of transmission in the home, hand hygiene, cleaning practice, and cleaning fabric (laundry). The goal of this analysis was to determine how many patient information sheets were aligned with MOHLTC and PIDAC guidelines and, if deviations from these guidelines occurred, what they were.
RESULTS
78 responses to the questionnaire were attempted, 26 of which did not contain responses to any of the questions and were therefore deleted. Six responses were identified as duplicates in that there were responses from that same hospital corporation. Duplicates were managed by including only the most complete response. 46 responses remained, representing 32% of 145 Ontario hospital corporations. Responses were received from hospitals in each of the LHIN areas in Ontario except for the North West area. Once the survey closed, all hospital names were deleted from the data to maintain confidentiality. Information about respondents, their experience and certification, and about hospitals and their experience with CDI is contained in Table 1 .
Household hygiene information for patients with CDI
Almost half (22/46; 48%) of hospitals indicated that they had a policy to provide household hygiene advice to CDI patients when discharged home. ICPs were the position most commonly responsible (9/22; 40%) for providing information to patients on discharge ( Table 2 ). All hospitals with policies indicated that they had written information for patients and 12/22 (55%) indicated they also had verbal conversations with patients about household hygiene. Despite having policies to do so, only 5/22 (23%) indicated that they always provide information ( Table 2 ). The most common barriers cited to providing advice to patients were lack of staff time and a lack of knowledge about what information to provide ( Table 2 ). Slightly more than half (24/46; 52%) of the hospitals reported that patients sometimes asked questions about household management for C. difficile; three of 46 hospitals (7%) indicated questions occur "often." In addition to the 22 hospitals that indicated they have policies to provide information to patients with CDI who are being discharged home, ten of the 24 (42%) hospitals without policies indicated that information was provided, suggesting that the majority (32/46; 70%) of hospitals intend to provide some information to patients regardless of the existence of a formal policy.
Several reasons were selected for hospitals not having policies to provide household hygiene advice: hospitals are not responsible for activities that occur outside the hospital (2/24; 8%), CDI is an uncommon occurrence (1/24; 4%), patients are not interested (1/24; 4%), and uncertain as to what information to provide (1/24; 4%). Ten (42%) stated that although they do not have a policy, they do have information that may be provided; eight (33%) did not know why they do not have a policy, and one (4%) did not answer. No respondent indicated that it was because they did not think household hygiene was a concern.
Hospital information sheets on household hygiene for patients A total of 31 patient information sheets from 31 separate hospital corporations were identified and used for analysis. Nine respondents to the online questionnaire voluntarily submitted copies of their information sheets, while 22 additional patient information sheets were identified through the searches of "Generally speaking, people in the hospital are sicker and get more infections than people in the community. Once home, precautions are not as strict. Nonetheless, certain steps can help reduce the risk of spreading this germ to family members and other visitors."
(10%)
"The chance of spreading the illness to healthy people is small." 1 (3%) "The risk is low that a healthy person will get C. difficile." 1 (3%) "There is a slight chance of spreading C. difficile to a family member, especially if one is sick." 1 (3%) "Once you are back home, you can return to your normal routine. Often, the diarrhea will be better or completely gone before you go home. This makes giving C. diff to other people much less likely."
(3%)
No answer.
(13%)
Hand hygiene PIDAC -"Wash hands for at least 15 seconds after using the toilet, before eating or before preparing food. Caregivers should wash their hands after providing care."
MOHLTC -"Wash your hands for at least 15 seconds: after using the toilet, after touching dirty surfaces, before eating, before preparing meals." "Wash your hands for at least 15 seconds after using the toilet, before eating or before preparing food."
(80%)
"Practice good hand hygiene." 2 (7%) "Hand washing is the most important thing that you can do, especially after you use the washroom and before you eat." PIDAC -"No special precautions are required to clean your home. Wet a clean cloth thoroughly with a properly diluted cleaning product or use a pre-packaged disinfectant wipe. Wipe surfaces starting from the cleanest area and moving towards the dirtiest area, paying special attention to areas such as the toilet and bathroom sink. Let the surfaces air dry. This will allow enough contact time with the cleaning product to kill the bacteria."
MOHLTC -"Follow directions on label and wet surface well and clean using good friction, allow surface to air dry, pay special attention to areas that may be soiled with feces such as the toilet and sink. Remove any visible feces and then clean as described above." "Wet surface well and clean using good friction; allow surface to air dry; pay special attention to areas that may be soiled with stool such as the toilet and sink. If you see stool remove first and then clean as described above."
(35%)
"No special precautions are required to clean your home. Wet a clean cloth thoroughly with a properly diluted cleaning product or use a pre-packaged disinfectant wipe. Wipe surfaces starting from the cleanest area and moving towards the dirtiest area, paying special attention to areas such as the toilet and bathroom sink. Let surfaces air dry. This will allow enough contact time with the cleaning product to kill the bacteria."
(23%)
"Frequent, thorough cleaning of the washroom is recommended." 3 (10%) "If you have 2 washrooms in your home, try not to share the toilet with another person until the C. difficile infection is gone. We know that this may not always be possible. If you must share the toilet with others, wipe down the toilet seat with a disinfectant (such as Lysol) after each use. Clean your toilet, commode or bedpan with a disinfectant at least once a day."
(7%)
"Be sure to follow the instructions on the label and use good friction (rubbing) when cleaning a surface. Toilets and bathrooms need extra attention. If feces have splashed onto a surface, they must be removed first, and then cleaning done with the household cleaner. If it is possible, use your own bathroom until your diarrhea stops." 1 (3%) "Wet the surface and scrub with a damp cloth. Rubbing hard is the only way to get rid of spores; allow the surface to dry; take special care with areas that maybe soiled by stool (toilets, sinks and taps); wipe away any stool you see, then clean as above. Do not use the cleaning cloth for anything else -wash it in hot, soapy water, or if you use paper towels you can throw them away."
(3%)
"Keep a regular cleaning schedule. The most important rooms to keep clean are the bathroom and the kitchen. If you are not able to do any cleaning, you will need to inform the people who plan your care when you return home. Wet the surface well and clean using good friction; allow the surface to air dry; pay special attention to areas that may be soiled with stool such as the toilet and sink; remove any stool and then clean as described above."
(16%)
Fabrics/laundry PIDAC -No statement.
MOHLTC -"Wash clothes/fabric separately if they are heavily soiled with feces: rinse off feces, clean in a hot water cycle with soap, dry in dryer on high heat, dry clean where appropriate." "Wash clothes/fabric separately if they are heavily soiled with stool: rinse stool off, clean in a hot water cycle with soap; dry items in the dryer if possible."
(55%)
"Clothes and fabrics can be laundered as usual. A hot water wash with soap and hot dry are often recommended.
[If] items are heavily soiled with feces, the feces should be rinsed off prior to washing."
(3%)
"Wash clothes with household laundry detergent on a regular cycle; if your clothes are heavily soiled with body fluids, like poop or urine, pre-soak and then wash them separately with detergent."
No answer. 12 (39%) PIDAC: Provincial Infectious Diseases Advisory Committee MOHLTC: Ontario Ministry of Health and Long-Term Care Ontario hospital websites. Table 3 contains guidelines from PIDAC and MOHLTC and the frequency with which they or alternate text appear in hospital information sheets organized by category.
Only 12/31 (39%) patient information sheets suggested a chemical agent that contained bleach, and only 2/31 (6.5%) provided the specific dilution of one part household bleach to ten parts water (approximately 5,000 ppm), which is sporicidal [20] .
DISCUSSION
There is a large body of evidence that patients with CDI contaminate their hospital rooms with spores that survive for extended periods [38, 39] , that contaminated environmental surfaces can be a reservoir for C. difficile in hospitals [38] , and that environmental cleaning can disrupt transmission. The same risks exist in the household environment for patients recovering from CDI at home [40] .
While the majority (30/46; 65%) of respondents to our questionnaire indicated that they personally believe the household environment is important or very important in the transmission of C. difficile, none of the patient information provided by hospitals clearly articulated the potential for a CDI patient to be excreting spores in their stool for several weeks and that the spores could survive for months in the environment, thus creating a possible reservoir in the home.
The responses to the online questionnaire indicated that questions from patients about household hygiene are infrequent. Patients may not ask questions about the type of household hygiene they should be practicing because they do not know they should be concerned about a risk of transmission in their home, or their questions may not be relayed to the ICPs in the hospital who were the respondents of the questionnaire.
General statement of risk
The patient information sheets contained statements indicating that patients with C. difficile do not pose a significant risk to household members. While it may be true that the risk of acquiring CDI is low, the risk of ingesting spores by household contacts and the CDI patient exists. It is reasonable to assume that patients with CDI are frequently discharged into households with other high-risk individuals, particularly elderly individuals, increasing the risk. A targeted hygiene process [18] that considers the pathogen (what agent would be effective to kill it, how long to continue the process, etc.) and the health status of the people (healthy or immunocompromised) in the household (including caregivers) should be used to determine the hygiene practices required [41] . In this context, hygiene refers to both decontamination of the environment and personal hygiene (toileting, hand hygiene, etc.) of the individuals living in the household.
Hand hygiene
Information on hand hygiene was provided by 30/31 (97%) hospitals. Most hospitals (25/31; 81%) indicated when hands should be washed and for how long; however, they did not specify that handwashing should be done with soap and water. Neither PIDAC nor MOHLTC provided specifics on the type of product to be used for hand hygiene.
Cleaning agent
Many (11/31; 35%) of the information sheets stated that an "all-purpose household cleaner" is sufficient for household cleaning when a patient with CDI is in the home. This is likely not accurate, given that "cleaners" are not necessarily bactericidal, and even bactericidal disinfectants may not be effective against hardy clostridial spores [42] . Sporicidal agents (along with physical removal) are necessary to eliminate C. difficile spores from the environment [43] .
How to clean
Many patient information sheets made statements about cleaning using "thorough" and "regularly" to describe frequency or processes (i.e., "regular cleaning schedule" or "frequent thorough cleaning"). "Thorough" and "regular" were not defined and there was no explanation as to why thorough cleaning was necessary, given that it was stated that there was no risk to family members.
The general public tends to understand "clean" to mean "an absence of dirt," but solely removing visible dirt is an insufficient process to remove C. difficile spores [18] . Cleaning cloths and wipes must be handled and used carefully to avoid cross-contamination of surfaces [44] , but specific information on how to handle cleaning equipment was lacking from the patient information sheets. Contact times for some agents are quite long (several minutes) and vary depending on the concentration of the active ingredient [45] ; many of the information sheets may therefore be inaccurate, as they state that contact time will be sufficient without considering the specific cleaning product.
Fabrics/laundry
Advice on managing fecally contaminated fabrics (laundry) was fairly consistent in the documents for patients. However, there was no advice for how to manage soft furnishings such as mattresses despite the fact that they have been shown to be a source of contamination in healthcare settings [46] . Appropriate management of mattress and furniture covers or application of an appropriate agent to furniture and mattresses could reduce the microbial load, which can minimize exposure to spores [47, 48] .
Limitations of this study
The response rate to the online questionnaire was low (32% of Ontario hospital corporations) and responses were not obtained from all areas of the province, indicating that the results may not be fully representative of all hospitals in Ontario. The analysis also did not consider the verbal conversations that were reported to have taken place between ICPs and patients, which may have contained additional information. Additionally, a variety of healthcare personnel have contact with patients and the range of advice that is given by different personnel in each facility was not identifiable.
CONCLUSION
The majority of Ontario hospitals surveyed (67%) provided advice to patients with CDI when discharged home. However, the advice downplayed the likelihood of transmission of C. difficile spores in household environments and described a basic level of hygiene that may be inadequate to prevent the transmission of C. difficile spores in the home environment. This may result in colonization of household members or recurrence in CDI patients as well as the creation of a reservoir in the household environment. There is an opportunity to reduce the risk of transmission in the home by being more prescriptive with the household hygiene advice provided to patients, including clearly outlining the risk of transmission in households, an appropriate decontamination process, and the use of a sporicidal agent. It is also recommended that standardized patient information be developed and used at all hospitals across Ontario.
